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ABSTRACT
MARKETING MODELS FOR OPTIMIZING
PRODUCT QUALITY
by
Colby Hackett Chandler
Submitted to the School of Industrial Management
on May 1, 1963
in Partial Fulfillment of the Requirements
for the degree of Master of Science
The objective of this study has been to design mar-
keting models for describing the optimum product quality
position of a company.
A company profit model has been constructed and from
it the mathematical conditions for optimum quality under var-
ious pricing policies have been derived. The model takes as
known the product demand as a function of price and quality.
Next, product demand functions for a specific, hypo-
thetical product line were synthesized using a segmented
market model. The market was subdivided into several cus-
tomer groups where individual demand characteristics were
assumed. These groups were then assembled into a total mar-
ket for which the maximum profit position with respect to
quality was determined.
A competitive model was then constructed by adding
a hypothesis about the effect that customer choice among
competitive products has on market share. The model was
used to explore strategies of new product introduction both
for a company with existing products and for a company enter-
ing the market.
Finally, some actual company data were used to test
the concepts of the models for reasonableness. Data on
sales and profits as related to quality changes, price
changes and new product introduction were qualitatively
compared with the behavior of the model.
Thesis Advisor: John D. C. Little
Title: Associate Professor of Industrial Management
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Chapter I
THE PROBLEM AND THE OBJECTIVE
A. THE PROBLEM
Industry today needs to know the effect product quality
has on sales and profits. Obviously quality is not the only
product characteristic management must know more about; the
assertion is merely that it is an important characteristic.
Without a doubt all top corporative officials have a "feel"
for the relationship between quality and product success. But
a "feel" is not enough. More companies are competing with sim-
ilar products; customers can afford to pay for higher quality
and are demanding it; and finally manufacturing costs are con-
tinually mounting. These factors make it urgent that a more
quantative knowledge of the relationship between product qual-
ity and success in the market place be obtained.
Quality in Relation to Price
It would be surprising if one found a simple relation-
ship between quality and the success of a product. Price is
a prime consideration in most purchases. Customers search for
the "best buy" or the most in quality or quantity for the
least price. Therefore, in speaking of the optimum quality
for a given product we should mean optimum quality in relation
to price. Marketing managers have been heard to say that
2their salesmen can promote products on the basis of price more
effectively than on the basis of quality. This suggests that
the marketing appeal of quality is a secondary consideration
or requirement of customers. In other words, after examining
price and determining that he has the ability to buy, the cus-
tomer examines quality to see if he wants to buy. Actually
these two steps can take place simultaneously or in reverse
order, but it is virtually certain that both steps occur how-
ever subtle they may be. Product attributes other than qual-
ity and price are also important to customers; however, for
this study the discussion will be limited to these two attri-
butes.
Diminishing Returns for Quality
As the quality of a product is increased the cost of
manufacture will generally increase. Since most manufactur-
ers try to maintain a uniform margin of percent profit,1
price will usually increase as quality increases. While it
may be true that customers want the highest possible quality,
they are not always willing to pay in proportion to what it
costs. As product quality is increased, a point of diminish-
ing returns due to fewer purchases at higher prices is eventu-
ally reached.
There are two general approaches to the problem of
diminishing returns. First, the quality.level can be
1 The term "margin" will be used throughout this report
to mean "incremental profit as a percent of selling price."
3selected which is just at the point of diminishing returns or
maximum net revenues. Second, additional product lines can be
introduced with different quality levels and different prices.
The proper choice between these two alternatives is dependent
upon the customers. If there is a wide range of quality de-
sired by customers willing to pay accordingly, the choice of
multiple product lines may well be advantageous. If multiple
product lines exist, the analysis to determine optimum quality
may be simply to determine the quality level required to maxi-
mize net revenues for each line at its fixed price level.
Here again there is a suggestion that price is the
first consideration and quality second. Once it is estab-
lished that customers are willing to pay a range of prices for
a range of quality the next step is to find out what prices
will have favorable reception. After the acceptable price
levels are known, the manufacturer can proceed to determine
the quality level required at each price to maximize net rev-
enues. This approach might fall under the slogan commonly
referred to in sales organizations as "We sell the customer
what he will buy, not what we can make." The above procedure
assumes that margin can vary among products and among manufac-
turers.
Stuadies of competitive markets have suggested that it
might be more correct to assume margins as generally equal
among products and companies. Competitors are continually
studying the market to find the high margin products so that
they may enter. This continual market entry results in price
competition which lowers the margin to some equilibrium level
acceptable to all manufacturers.
With equal margins, the above discussion on quality
optimization for multiple lines does not hold. To keep margin
constant, both price and quality must vary. In this situation
the proper approach might be to estimate sales for various
price-quality combinations entered into the competitive situa-
tion and select the best alternative. A model of this approach
will be given in Chapter VI.
Measure of a Product's Effectiveness
Before proceeding with a method for optimizing the qual-
ity-price combination it is necessary to have a criterion.
Several related criteria exist, such as maximum sales or gross
revenue, maximum profits or net revenue, and maximum return on
investment. Sales can be dismissed as a criterion readily if
we undertake to vary margins; however, with constant margins
it would be a meaningful measure. Return on investment is a
useful tool in managing a company and a proper consideration
in planning capital expenditures for introducing new products.
In order to confine the scope of this study to reasonable lim-
its, it was decided to consider the situation where invest-
ments would be nearly equal for all alternatives and examine
the effects on profits or net revenues. A worth-while exten-
sion of this work would be to examine the use of return on
investment as the optimization criterion.
There are many other criteria not discussed such as
maximum dividends per stockholder's shares or return on equity.
These were not considered since they offer little or no advan-
tage over profits in this modeling approach which is based on
a hypothetical construct of a general situation. In cases
where these more specific criteria are important they can be
determined from the results of a maximized profits situation.
Thus, maximized profits has been chosen as a criterion to give
simplicity and the ability to derive other financial measure-
ments.
B. PREVIOUS WORK IN THE FIELD
Current Literature
Iviathematical modeling is currently a popular subject
in the marketing field. Little work of this type appears in
marketing literature prior to 1960. One gets the distinct im-
pression from scanning the literature that the marketing ex-
perts consider the use of mathematical methods in marketing
as in its infancy with a bright but somewhat unpredictable
future.
Only two books could be found directed explicitly toward
this subject, Mathematical Models and Methods in Marketing,
edited by Frank M. Bass and others, and Quantitative Tech-
niques in Marketing Analysis by R. E. Frank, A. A. Kuehn and
W. F. Massy. These, and a limited number of other books
which discuss the subject are shown in the bibliography. One
periodical, The Journal of Marketing, includes several credi-
table articles on mathematical marketing models in the 1961
6and 1962 volumes. These also are listed in the bibliography.
Much of the literature is limited to discussing the
merits of quantitative methods without demonstrating their
use. An exception is Mathematical Models and Methods in Mar-
keting which is a compilation of rigorous mathematical ap-
proaches to eighteen diverse marketing problems. Especially
valuable parts of this book are the editorial commentaries
and appendices to each article, where the material is analyzed
critically from different points of view.
"Optimal Advertising and Optimal Quality" by Robert
Dorfman and Peter Steiner, contained in the book by Bass, is
the only work discovered in the literature which discusses the
market modeling aspects of product quality. Dorfman and
Steiner have taken a purely mathematical approach with little
attempt to study or test the inferences derived from their
model. Their work, however, is an important step in starting
the exploration of the value of quality in product design.
Absence of Quality in Marketing Models
Why is the literature nearly devoid of studies in prod-
uct quality with mathematical models? Perhaps it is a matter
of emphasis; price and advertising are known to have strong
marketing impact, whereas quality is less understood. There
may be a belief that quality has a relatively unimportant
effect on company profits as long as a product is good enough
to gain general market acceptance. Another possibility is
that people do not consider quality as a decision variable as
7they do price and advertising. Finally the answer may simply
be uncertainty as to the proper approach, considering the dif-
ficulty in making suitable quality measurements.
If any of these postulated answers applies, then there
is hope, for adequate rebuttals exist. Customers have demon-
strated their sensitivity to quality in many markets such as
clothing, foods, automobiles, entertainment and many others.
The wide range of product quality lines offered in these prod-
ucts is testimony to quality being a market decision variable.
Many of the new product lines have carved out new markets; high
fidelity brought new life to the record business; improved
electric shavers caused rapid growth in a market that had
existed for a number of years.
Considering that the subjective nature of quality in
most consumer products makes quality difficult to measure, it
is understandable that work with quality in marketing models
has been avoided. Even here, however, the argument should not
stand unchallenged. Crude as they may be, some quality meas-
ures do exist. Several consumer reports are issued regularly
giving the results of objective, though meager, tests. Market
research organizations are becoming increasingly proficient at
measuring consumer preferences. Information of this kind, com-
bined with the quality measurements companies make in their
inspection and quality control departments, provide an initial
source of quality data. One might even optimistically believe
that serious efforts to use quality data in mathematical models
could "feed-back" guides on how to provide better quality
Marketing Variables other than Quality
Mathematical models in marketing have covered a number
of subjects including sales forecasting, advertising, promo-
tion, purchasing, brand preference, selling expense, distribu-
tion, inventory control and planning. Of these subjects, ad-
vertising and promotion have received considerable study.
Advertising and promotion may have marketing effects similar
to product quality. Their impact on customers is difficult to
measure, and competitor activity confounds the market situa-
tion. In all three, quality, advertising and promotion, man-
agement objectives are to spend no more than what is required
to obtain maximum profits over an extended period of time.
Even if a product is designed with the highest possible qual-
ity to give prestige to the company or its other product
lines, this prestige is undoubtedly desired to enhance the
company's long term economic position. It is encouraging to
note these similarities between quality, advertising and pro-
motion, for this may encourage experts in market modeling to
include product quality in their future work.
Considerable effort has been devoted to the study of
consumer response to brand names. Studies of brand name pref-
erences are profuse in the current literature and this has
been a popular subject for M.I.T. graduate theses. Among the
things a brand name stands for, one seemingly obvious factor
is quality. If this is true, the studies of brand name might
measurements.
9be useful in the study of marketing effects of product quality.
C. OBJECTIVES OF THIS STUDY
The intent of this study was to formulate a model which
would show the effects of variation in product quality on cor-
porate profits. Presumably this model would be mathematical;
however, other possibilities were not ruled out. To keep the
problem within reasonable bounds it was limited to consumer
goods priced below $25 per unit. It was recognized that qual-
ity cannot be considered by itself; customers probably respond
to a relationship between quality and price. Numerous other
factors affecting consumers' buying decisions will have to be
accounted for either by assumptions or inclusion in the model.
There was no attempt to build a model that could be
applied equally to all consumer goods markets. Each product
and each manufacturer are unique. A study of more than one mar-
ket was considered beyond the scope of this work, although it
might serve as a logical extension.
Mention was made earlier of the possible relevance of
advertising, promotion and brand name studies to product qual-
ity. Although worthy of pursuit, these studies were not used
as a basis for this work.
This study was intended to cover the most general, sin-
gle product situation with a simple instructive model. If
adequate input data could be developed, such a model might be
useful in helping corporate management make product design de-
cisions affecting new product lines or changes to existing
10
lines. Even by using hypothecated data, it is possible to
gain some insight into market behavior. This limited benefit
is a step forward from the current knowledge which is prima-
rily based on intuition and informally co-ordinated observa-
tions.
D. PROCEDURE
A library search of current literature on marketing
models was the initial step in this study. Material was lim-
ited by the small number of books and journals available on
the subject. These references provided two things, (1) an
acquaintance with marketing, and (2) a general understanding
of the use of marketing models. Chapter II is devoted to the
material gained in this search.
The second phase of the project was to define the fac-
tor being studied, product quality. Chapter III discusses
quality, both generally and specifically for this study. When-
ever it was necessary to deal with specific product markets,
household floor wax was used as the product. This choice was
made simply on the basis of the need for a product with rea-
sonably rational and predictable purchase decisions.
The next step was to construct a company profit model.
A simple, algebraic representation of a manufacturer's prof-
its was written; from this the maximum profit level was de-
rived and studied. This work is discussed in Chapter IV.
A second modeling effort is presented in Chapter V.
Predictions of market behavior were made by compiling the
11
predictions for several individual market segments. In rela-
tion to the company profit model, this model adds a more com-
plete representation of a market situation, and it provides
greater opportunity to gain insight into market behavior.
In Chapter VI the segmented market model is further
developed to account for a competitive situation. Several
sets of circumstances are studied including expansion of a
company line of products and entrance into a competitive mar-
ket for the first time.
Finally, an attempt was made to test the models using
data from a company manufacturing consumer products. Since
data are limited, this work becomes a "test of reasonableness"
rather than a rigorous evaluation. Chapter VII discusses the
model testing effort.
E. SUMMARY
Increased competition among manufacturers and increased
customer purchasing power are resulting in the emergence of
product quality as an important manufacturing decision vari-
able. Quality by itself is an inadequate concept to study;
customers consider quality in relation to price as they make
purchasing decisions. Although customers are willing to pay
for improved quality, there is a point of diminishing returns
beyond which increased expense for quality will no longer give
proportionate increases in corporate profits.
Most of the work on mathematical models in marketing
has been published since 1960. Among the numerous publications
12
only one article has been found pertaining to product quality;
many are related to advertising, promotion and brand name pref-
erences. While the avoidance of quality by marketing model ex-
perts suggests that it might be unrewarding, the subject seems
far from imponderable and worthy of pursuit. Accordingly the
objective of this study is to formulate a mathematical market-
ing model which will provide insight into the role of product
quality in marketing activities.
Chapter II
MARKETING MODELS
A. DEFINITIONS
Many people have ventured to define a model. Paul
Meadows said, "Every model is a pattern of symbols, rules and
processes regarded as matching in part or in totality an exist-
ing perceptual complex." Harry Lipson offered the following
definition: "Models are a simplified framework of an operation,
representing only those aspects which are of primary impor-
tance to the problem under study."2 Another definition worthy
of note was given by William Lazer--"A marketing model involves
translating perceived marketing relationships into constructs,
symbols and perhaps mathematical terms. . . . All marketing
models are based on suppositions or assumptions. These assump-
tions do not correspond exactly with the real marketing world.
Usually they are employed to simplify."3 The above sequence
of definitions moves from the general to the specific, with
each definition contributing significantly to a better under-
standing of models.
1Paul Meadows, "Models, Systems and Science," American
Sociological Review, February 1957, vol. 22, no. 1, p. 4.
2Harry A. Lipson, "Formal Reasoning and Marketing Strat-
egy," Journal of Marketing, October 1962, vol. 26, no. 1, p. 4.
3William Lazer, "The Role of Models in Marketing,"
Journal of Marketing, April 1962, vol. 26, no. 2, p. 9.
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Meadows offers the thought of symbolizing a perceived
complex. By means of symbols, the scientist can convert a per-
ceptual complex into conceptual order. In this process he ven-
tures into varying degrees of abstractness using symbols to
formulate models of reality. The better the model represents
reality, the more valuable it will be. Thus, the value of a
model is dependent on the symbolization process. In represent-
ing reality a model offers valuable insight which is useful
only if the experimenter is mindful of the relevant reality
not accounted for by the model. Lazer points out that "the
greater the level of symbolization, the fewer the restrictions
and the more adequate and more generally applicable the model."4
Lipson's definition contributes the thought that a model
represents only those aspects which are of primary importance
to the problem under study. Here is the implication that the
problem is to be studied and the factors of primary importance
selected. This selection process is perhaps more important
than any subsequent work done with the model. Not only is it
important in providing proper design of the model, but it re-
quires a systematic analysis and formalization of the problem.
The formalization process yields an understanding of the sys-
tem necessary for intelligent application of the model.
Lazer, in his definition, introduces the important mat-
ter of assumptions in models. Freedom to make assumptions
opens the door to the use of models. Without assumptions,
models would be too complex and burdened with details to be
4Lazer, p. cit., p. 14.
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workable, if it were possible to properly represent all perti-
nent factors. A more likely situation is that without assump-
tions model builders would be stopped by their inability to
properly account for all important factors. With the freedom
to make assumptions comes a requirement that they be adequate
for the purpose at hand. While a model is a means for testing
hypotheses, the relevance of the test to reality depends on the
assumptions.
B. NEED FOR MODELS
History
Discussion of the use of models has been prevalent in
recent years; however, models have been in use for centuries.
Analytical people tend to think in terms of systems, and sys-
tems are models. For example, scientists use mathematical con-
structs to represent the reality of physical laws. Sociolo-
gists use models in analyzing and predicting human behavior.
Scientists in electronics and chemistry have long used models
to represent action too minute to see. Thus, models are not a
new invention; they are the result of a new and vigorous effort
of applying long used principles to new areas.
Paul Meadows describes the organic image (Greek in ori-
gin) as the dominant model of system analysis. In the organism
model all things are dependent on one another within the sys-
tem. It is a hierarchal order of open systems which give up
matter to and take matter from the environment in a condition
of steady state. 5 These concepts of systems and mutual inter-
5Meadows, o. cit., p. 6.
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dependence will apply almost universally in model structures.
Need for Rigorous Approach
Since barter and trade first began, marketing has become
increasingly complex. Edward C. Bursk in Text and Cases in
Management6 lists 10 ways increased complexity has come about:
1. The buyer-seller relationship has become more
subtle.
2. There are numerous buyers out of direct control of
the seller.
3. The seller has many ways of selling.
4. The seller has limited information on the relative
potential of approaches at his disposal.
5. General social and economic conditions are changing.
6. Competitors are actively at work.
7. Buyers have their basic needs fulfilled.
8. Differences among products are subtle.
9. Product copying has become commonplace.
10. Heavy factory investments have led to more stand-
ardization which customers dislike.
An important characteristic of marketing is competition.
In addition to the nearly predictable, stationary forces of
the market, there are the unpredictable, strategic moves of
competitors to which a marketing department must react.
6Edward Collins Bursk, Text and Cases in Marketing; a
Scientific Approach (Prentice-Hall Inc., Englewood Cliffs,
N. J., 1962), pp. 6-8.
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Competitor action limits the reliability of interpreting market
changes that follow a deliberate change in marketing policy.
Thus, two serious risks facing most marketing programs are (1)
the risk of poor customer acceptance and (2) the risk of being
dwarfed by competitors. Even a rigorous mathematical approach
is limited for the marketing task; however, until a better
approach is known, effort will undoubtedly continue to get the
most usefulness from existing techniques.
C. MODELS IN COMMON USE
Types of Models
Lazer illustrates the types of models by a series of
dichotomies as follows:
1. Mathematical versus loose verbal
2. Difference equation versus differential equation
3. Physical versus abstract
4. Dynamic versus static
5. Deterministic versus stochastic
6. Micromarketing versus macromarketing
7. Linear versus nonlinear
8. Goal versus systems
Some of the more rigorous models have come from research
in such areas as:
1. Decision theory
2. Organization theory
Lazer, pp. cit., p. 12.
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3. Game theory
4. Operations research
5. Linear programming
These are all well established scientific tools making extensive
use of mathematics. Considerable interest has been shown in
the use of game theory, a formulation of optimal strategy. Mar-
keting people are interested in game theory because it provides
a way of dealing with variables having unpredictable properties
but about which probability statements can be made.
Choice of the model type depends on the nature of the
problem and the desired result. For instance, a linear model
is simpler than nonlinear, but it will generally give a poorer
fit to reality. Situations which do not warrant the higher
precision of a nonlinear fit may benefit from the simplicity
of a linear model.
Uses of Models
The literature abounds with general statements on the
uses of marketing models. To a large degree the several writers
appear to be saying the same thing with different words. Those
uses which are most frequently mentioned are:
1. Aid development of marketing theories
2. Problem solving
3. Market research and experimental design
4. Measure market effectiveness
5. Forecasting
The above list is very general; it suggests that most areas of
marketing have possible uses for models. Earlier, under Defi-
nitions, models were described as a formulation process for
representing reality through the use of symbols and assump-
tions. If this definition is appropriate, extensive applica-
tion of models in marketing may eventually be realized.
Many early and current applications of models were for
simulating physical flow of goods in distribution systems. Op-
timum control of inventory and selling expenses are benefits
of these models. More abstract and less precise models have
been developed to study individual and aggregate human behav-
ior in relation to such things as the buying decision and
response to advertising. The abstract models are complemen-
tary to the physical models in that they relate to separate
activities of marketing and their benefits should be additive.
It has been written that a good model will have:8
1. Workability--assumptions fit
2. Simplicity--minimum number of assumptions
3. Generality--a number of outcomes can be predicted
from the assumptions
Regardless of its use, a model seriously lacking in any of
these properties is likely to have little value except those
benefits derived in the process of formalizing the model.
8Marcus Alexis, "Marketing Laws and Marketing Strategy,"
Journal of Marketing, October 1962, vol. 26, no. 4.
19
20
D. MARKETING STRATEGY
Marketing includes all the activities concerned with
getting products from manufacturer to the consumer. Studies
have shown that approximately 50 percent of the consumer's
dollar is spent for distribution.9 Competition, risk and con-
tinual change are characteristic problems of this immense
function.
Marketing people are faced with the problem of determin-
ing the optimal method and cost of reducing, as much as pos-
sible, the uncertainties from inadequate data. Uncertainties
suggest strategy; marketing strategy depends on the nature of
the firm, the competition and the market. Different firms pro-
ducing the same product might require different strategy be-
cause of differences in financial condition, customers' good
will or performance capabilities. Competitive changes in
price, advertising, personal selling and product quality will
be met differently by different firms. Likewise, similar
firms in different geographic areas may require different
strategy because of differences in labor markets, transporta-
tion, local regulations and product markets. Large metropoli-
tan markets are extremely sensitive to price, whereas small
cities and towns are sensitive to the number and quality of
dealers. 10
9E. Jerome McCarthy, Basic Marketing, A Managerial
Approach (Richard D. Irwin, Inc., Homewood, Illinois, 1960),
p. 2.
10 Bursk, op. ci., p. 41.
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Such diversity among firms requires an over-all measure
of performance if a comparison among firms or plants is desired.
Measurements of specific performance factors such as distribu-
tion costs or gross sales could give misleading comparisons.
Furthermore, the outcome of actions by one firm cannot be used
to predict results from similar actions by a competitor. These
are some of the reasons for measuring effectiveness of the total
firm by means of profits or return on investment.
E. APPLICATION OF MATHEMATICAL MODELS TO MARKETING
Lazer gave four benefits of mathematical systems models
11for marketing:
1. Clarifies relationships and interactions
2. Promotes greater ease of communications
3. Adds objectivity
4. Makes analysis possible
Converting from verbal expression to a mathematical representa-
tion is difficult, but the rewards are often increased under-
standing of the concepts and operations involved. Mathematics
in place of verbal structure reduces the possibilities of erro-
neous interpretations by observers and participants. Interre-
lationships and logic are difficult to maintain while manipulat-
ing a verbal model; with mathematics such maintenance is inher-
ent. As mentioned earlier, these benefits are dependent upon
and limited by assumptions which permit a mathematical represen-
tation of a complex situation.
llLazer, op. cit., p. 14.
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F. SUMMARY
A model is a formalization process of selected aspects
of reality through the use of symbols and assumptions. People
have been using models for centuries; scientists depend heavily
on their ability to simulate a system with symbols and rules.
Marketing, because of its complexity, has much to gain by the
use of models. It would be wrong to encourage a stereotype
image of models, for they exist in a variety of mathematical
and verbal forms.
Marketing is enormous in scope, consuming approximately
one-half of the consumer's dollar. It is made up of firms
that require different strategies because of internal and en-
vironmental differences. Mathematical models are well suited
for this complex function. Such models permit analysis and
manipulation while preserving interrelationships and logic in
a language that has common understanding.
A. CUSTOMER'S CONCEPT OF QUALITY
One brief, sweeping definition of quality is, "any as-
pect of a product which influences the demand curve (including
the services included in the contract of sales)." 1  It is dif-
ficult to give a more specific definition without being limited
to a more specific product-market description. Some of the
more common product characteristics which have a quality aspect
can be listed in three groups as follows:
Sensory
appearance
taste
smell
sound
feel
Product Characteristi'cs Having
Quality Aspects
Performance
efficiency
maintenance
lifetime
output quality
ease of use
accessories
compatibility
Services
availability
proficiency
Each customer will place relative emphasis on the above
factors in accordance with his own wants or needs. For this
reason, product quality will mean different things to different
1Robert Dorfman and Peter Steiner, Mathematical Models
and Methods in Marketing (Homewood, Illinois, Richard D. Irwin,
Inc., 1961), p. 208.
Chapter III
PRODUCT QUALITY
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people. In addition to variation in their definitions of what
constitutes quality, customers will also vary in the value they
place on quality. If customers were all alike in their percep-
tion and valuation of quality, the market place would not have
the existing multitude of competing products.
Although customers make a decision to accept certain
product quality each time they purchase, the decision may not
always be in their best interest. First-time purchases must be
based on information from other than personal experience. Re-
peat purchases may be governed by brand loyalty without trial
of competing products. A strong influence on many purchases
is the direct selling effort. In many cases the dealer and
salesman perform a valuable service in helping customers fit
their needs. Unfortunately, however, the dealer too often
bases promotion on his margin, resulting in customer purchases
which maximize dealer profits but not customer satisfaction.
Many private brands fall in the latter category. A person
with expert knowledge on a group of products can make an inter-
esting study in dealer promotion based on margin by "shopping"
at a number of dealers.
Manufacturers facing a variety of forces that influence
customer product-quality decisions often rely on empirical
methods to predict market performance of a product. The fa-
miliar market test prior to introduction of a product is an
example of such a method.
The previous discussion applies to considerations in-
volved in each product purchase decision. Equally important
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to the customer making repeat purchases is his assurance that
a product will be consistently of the same quality. In food
lines, for instance, if a customer experiences one or two dis-
tasteful units for each truly high quality unit, he may switch
to a product line which has mediocre but consistent quality.
Consistency of quality among a manufacturer's various product
lines can similarly influence customer purchases by the phenom-
enon of brand loyalty. Recognition of the value of brand qual-
ity consistency is probably the motivation for distinguishing
different quality brands such as Sears Roebuck's Dunlap and
Craftsman lines. The engineering science "Quality Control" is
perhaps best known for its contribution to improved consistency
of product quality.
B. MANUFACTURING CONSIDERATIONS
The important test of the value of product quality is
its effect on the market. Corporate profits will depend on
the aggregate of all the individual courses of action taken by
customers. Individually, customers faced with unsatisfactory
quality may do any of a number of things depending on their
particular circumstances. They may switch brands, "upgrade"
to a higher quality line or switch to another product which
will serve the same end. For nonstaple products in a competi-
tive market, customers may simply buy less or not at all.
Customers may take over the initiative in assuring
satisfactory quality by insisting upon a set of product spec-
ifications. This practice is prevalent in industrial and
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government purchasing. Individual consumers can effectively
utilize product specifications also. For instance, purchases
of food, fabrics and automobiles easily lend themselves to an
intelligent examination of specifications by individuals.
Although a manufacturer may have difficulty measuring
the quality in a subjective sense, he can usually measure it
in terms of manufacturing cost. Except for the development
costs of introducing improved products, quality costs are var-
iable. Manufacturing costs necessary to maintain high quality
may include more costly raw materials, more labor, more costly
processing, or more testing and waste. It is conceivable that
for many consumer products the quality cost is greater than
other manufacturing costs combined. The manufacturer of such
a product, who agrees with the concept of diminishing returns
for quality expense, will be anxious to know how to determine
the quality level at which his profits will be maximized.
C. SUMMARY
Quality can be defined as any aspect of the product
which affects its demand. Usually it is helpful to think in
more specific terms under categories of sensory qualities,
performance characteristics and services supplied.
Different customers will perceive quality differently
and place different values on it. Many quality decisions by
customers are unwise because of inadequate or inaccurate prod-
uct information. On repeat purchase items, consistency of
quality for a single product or among products in a brand can
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be important to customers. They may respond with brand loyalty.
In a competitive market, customers can "vote" for their
quality preferences by brand switching or discontinued buying.
A knowledgeable customer may insist on product specifications
as a guarantee of consistently satisfactory quality.
Manufacturing quality costs are variable; an alert man-
ager will know these costs and will be intent on keeping them
at an optimum level.
Chapter IV
A COMPANY PROFIT MODEL
A. COMPANY PROFITS EQUATION
Company profits can be represented by a simplified for-
mula as follows:
P = S(p - m - g) - M -A (l)
where:
P = profits in dollars
S = sales in units
p = price in dollars per unit
m = variable manufacturing cost in dollars per unit
q = variable quality cost in dollars per unit. Customer
satisfaction will bear some relation to q; however, an
increase in q need not always increase customer satisfac-
tion
M = fixed manufacturing costs in dollars
A = fixed advertising cost in dollars
The expression (p - m - q) can be thought of as variable profit
per unit since it measures unit profit before subtracting fixed
costs of manufacturing and advertising.
For purposes of this model, sales will be considered as
a function of price, quality and advertising:
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Price is considered set by management to be some func-
tion of manufacturing fixed and variable costs, quality costs,
and advertising costs:
p = p(m, q, M, A)
There are two extremes in thinking of fixed manufacturing and
advertising costs for equation (3). One is that these costs
are fixed for all sales levels indefinitely, while the other
is that they are fixed only over short time intervals. For
A ~ t
(3)
thais study, Mvi and A are c nsidered fixed ouver te t ie in. er
val of interest. Equation (3) is interpreted as: "Price is
some as yet undefined function of manufacturing fixed and var-
iable costs and advertising fixed costs."
Equation (1) can now be rewritten substituting equa-
tions (2) and (3) for S and p respectively:
P =S [ p(m, q, M, A), q, A] L p(m, g, M, A) -m- g -M-A (4)
Equation (4) shows profits in terms of quality, manufacturing
and advertising costs. Manufacturing and advertising costs m,
M and A are all constants, and q is variable.
B. REPRESENTATION OF THE MAXIMUM PROFIT POSITION
Derivation
Taking the first derivative of equation (4) with respect
to q and setting it equal to zero will define conditions at the
maximum profit level.
S = S(p, q, A) (2)
dP
dg
+ --
ag
(p - m - q)
Clearing parenthesis gives:
(p - m - g) + -
aqi
(p - m - g)
dp
dq
S - S = 0
Rearranging:
dp
(p - m - )- S -
dg ap
dp
dq
(p - m - g)
Dividing by (p - m - g):
S
(p - mn - gi)
dp S
dg (p - m - g)
Rearranging:
S
(p - m - q)
dp
dgi
S
(p - m - g)
(6)
The following work in this chapter assumes that equation
(6) represents the true maximum profit position. A test for
dp
dg
-A
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C8
dp
+5 -
dg
(5)
dp
dg
BS
-i
dp
dgap
-1= 0
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maximum can be obtained by taking the second derivative of the
profits equation with respect to quality. If this function is
negative, the first derivative represents a true maximum. Using
a general equation such as (5) results in a second derivative
which cannot be interpreted as positive or negative without
assuming specific forms for the functions involved. Therefore,
verification of a maximum is attempted by reasoning as follows:
Consider a low quality product which has a minimum market ap-
peal. Assume that the company operates with constant margin.1
Quality increases will bring increased sales until the price
becomes prohibitive to many customers. At very high prices,
sales will be lower regardless of the high quality. These
characteristics will be seen in the model in Chapter VI where
the maximum profit position is determined graphically.
Discussion of Derivatives
Equation (6) is a useful form for examining conditions
at the maximum profit position. Preparatory to such examina-
tion, a discussion of the interpretation of the three deriva-
tives included in equation (6) is desirable.
The partial derivative is the change in sales for
a small change in quality, or the "sales response to quality."
Under normal circumstances a will be positive assuming that
aq
the aggregate effect of improved quality is always favorable
to customers. At the level of diminishing returns for quality
lThroughout this study the term "margin" will be used
as "the percent of selling price which is profit."
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expense might approach zero.
Similar to the sales-response-to-quality expression,
there is a "sales response to price" factor . This par-
tial derivative represents the change in sales resulting from
changes in price. Normally Z will be negative but it could
be zero for products with inelastic demand. Staple household
products such as salt, sugar, shortening and flour probably
have values close to zero for product sales in total.
Pricing policy will determine the value of . Thisdq
derivative represents the change in price for a small change
in quality cost. Normally will be zero or positive indq
value. If it is zero, price is constant for various levels of
quality. A value of one for means that price is varied
d~q
directly with cost of quality without any profit being made on
the variable cost of quality. Values above one provide for
profit on the element of quality cost. For instance, a value
of 1.5 for means that quality cost is "marked up" 50 per-d~q
cent. These different pricing policies will be examined at
the maximum profit level shown by the model.
C. MAXIMUM PROFITS UNDER VARIOUS PRICING POLICIES
Price Constant for All Quality Levels
Using equation (6), d can be set equal to zero tod~q
study the constant price situation. This gives:
BS S
-- - m_ _= 0
3g (p- m-qg)
or:
- p - M - g
Equation (7) states that, at the maximum profits position with
constant price, the sales response to quality equals sales
divided by variable profit.
Considering price constant allows us to treat the parti
SS dSderivative as the total derivative . Then, rewriting
equation (7) in differential form gives a more meaningful ex-
pression:
S dq = (p - m - q) dS
The above expression indicates that, at the maximum profit posi-
tion with constant price, the total incremental cost for a qual-
ity change S dq is equal to the incremental revenue resulting
from the quality change. This is the familiar economist's cri-
terion of marginal cost equal to marginal revenue for maximum
profits.
Variable Cost of Quality Passed on to the Customer
To consider the situation where the manufacturer passes
on his variable quality cost to the customer at cost (no profit
or loss on variable quality cost), d is set equal to 1. Thendq
equation (6) becomes:
SS
g p-m-q p-m- q
(7)
-on" MMMMNMR_ - - .., -
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or: - - - (8)
Equation (8) can be interpreted that the increase in sales re-
sulting from a small increase in quality will equal the decrease
in sales resulting from the increase in price required to off-
set the quality cost. This equality of sales responses is
similar to the marginal revenue equal to the marginal cost con-
cept. For a change in quality and price, sales gained must
equal sales lost.
Manufacturer Shares Cost of Quality with the Customer
Consider now the situation where the manufacturer shares
the cost of increased quality with the customer by making
price increases smaller than the incremental increase in qual-
ity cost. Under these circumstances: 0 < < 1. Equa-dq
tion (6) then becomes:
_ _S< )S_
or: 
_ 
- (9)
Thus, if the manufacturer shares the incremental cost of qual-
ity increases with his customers, his maximum profit position
will be characterized by a sales response to quality smaller
than the negative sales response to price.
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Customer Pays a Profit on the Cost of Quality
The next pricing policy to be considered is 1 < .dq
In this case the manufacturer is making a profit on each addi-
tional increment of quality cost incorporated in the product.
Equation (6) becomes:
SSS sS S
g p -m -q ap p- m -q
or: - - - (10)
Thus, if a company chooses to charge its customers a profit on
increments of increased quality, its sales response to quality
will be greater than the negative sales response to price at
the maximum profit position.
Price Independent of Cost of Quality
Each of the above four pricing policies assumes that
cost of quality will be one of the determinents of price. In
those cases quality is an independent variable and price is a
specified function of quality and other variables. The final
pricing policy to be considered with this model is one in which
both price and quality are independent variables.
Since q and p are independent, the equation determining
optimum quality is valid for all possible values of .
Therefore it follows that each side of equation (6) must be
equal to zero.
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BS S
Then: - = or Sdg = (p- m -q) dS (11)
S p -m -q
when p is constant at its optimal value
BS S
- = or S dp -(p - m -q) dS (12)
BP p - m - q
when q is constant at its optimal value
and - (13)
ag ap
From equations (11), (12), and (13) the following state-
ments can be made in regard to the maximum profits position
when price and quality vary independently:
1. The marginal revenue from sales stimulated by in-
creased quality equals the marginal cost of the
increase in quality.
2. The marginal revenue lost from the decrease in
sales due to a price increase equals the marginal
revenue gained by the higher price.
3. The sales gained per unit of increased cost of
quality equals the sales lost per unit of increase
in price.
The above results can also be obtained by writing a
new model equation for profits with price and quality as inde-
pendent variables. Partial derivatives are then taken with
respect to price and quality. These partial derivatives set
equal to zero give equations (11) and (12).
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D. PRACTICAL PROBLEMS
How can a company know what their sales responses to
quality and price are? Obviously, if they are to get maximum
benefit from statements such as those given above, they need
to know their sales responses as accurately as possible. Ex-
perienced members of the sales department may have a good per-
ception of these values, but it is difficult to put them in
quantitative terms. Historical data should be examined for
instances where price or quality varied independent of other
factors. Even in these instances the data are usually con-
founded by such things as product growth and competitor activ-
ities. Ideally the best alternative might be to conduct mar-
ket experiments by making intentional changes in price and
quality while other factors are held constant. In a practical
sense, such experiments may be very difficult to conduct. Un-
fortunately it must be agreed that current knowledge cannot
adequately prescribe how to obtain the marketing information
needed.
Market experiments have been run to study effects of
advertising and promotion, an accomplishment not thought pos-
sible a few years ago. Similar methods may prove useful for
measuring sales response to quality. Sales response to price
is understood intuitively, and in some cases fairly quantita-
tively, by many companies today; market experience with price
changes is usually carefully watched by marketing personnel.
A final word of caution is necessary; sales response determi-
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nations can become obsolete. Changes in the economy and the
competitive position of the company can alter consumer buying
decisions considerably.
E. SUMMARY
A relatively simple mathematical equation for company
profits has been constructed as a function of sales, price,
quality and operating costs. From this equation, a mathemati-
cal expression was derived to represent conditions at the maxi-
mum profit position of the company.
Market characteristics at the maximum profit position
can be shown for five pricing policies as follows:
1. Constant price--Incremental cost of increasing quality
equals incremental revenue derived from the resulting
higher sales.
2. Quality cost passed on to the customer--The gain in
sales resulting from an incremental quality improve-
ment equals the sales loss resulting from the price
increase required to cover the quality cost.
3. Manufacturer shares quality cost with the customer--
The sales gained from an incremental quality increase
will be less than the sales lost from the associated
increase in price.
4. Manufacturer charges a profit on the cost of quality--
The sales gained from an incremental increase in qual-
ity will be greater than the sales lost from the asso-
ciated increase in price.
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5. Manufacturer sets price independent of quality cost--
a) marginal revenue from increased quality equals
marginal cost of the quality increase.
b) marginal revenue from increased price equals
marginal revenue lost by the decrease in sales.
c) sales gained per unit of increased quality cost
equals the sales lost per unit of increased
price.
If a manufacturer is to benefit from the above five
statements, he needs a means of estimating his sales response
to price and quality. Here lies a very significant problem;
most methods have inherent inaccuracies. Historical data are
confounded with other factors, while market experiments may be
very difficult to conduct. In truth there is no currently
known satisfactory procedure for obtaining the desired market-
ing data in the detail desired.
Chapter V
A SEGMENTED MARKET MODEL
A. INTRODUCTION
In Chapter IV it was observed that the mathematical
test for a true maximum of profits required assumptions for
some of the functions in the profits equation. Specifically,
it is necessary to know the relationship between sales, qual-
ity and price. In an industrial situation these relationships
must be found by experience or experimentation, whereas for
this model they will be chosen a priori.
The total market for a product is composed of many
different types of people with different approaches to the
buying decision. A prediction of the buying practices of one
group within the market would be more accurate than a predic-
tion of the total market. Using this premise, the accuracy
of a product market prediction is enhanced by taking the sum-
mation of predictions for each of the several groups within
the market.
The mathematical derivations of Chapter IV were not
limited to a specific product or type of product. Conclu-
sions from the mathematical derivations are thus equally ap-
plicable to any product for which the assumed sales, price
and profits equations apply.
The model to be developed in this chapter requires a
40
more specific definition of products; the reward will be more
specific results. A household floor wax with general market
acceptance was the assumed product used to establish the con-
sumer buying practices. Of course the model will be equally
applicable to any other products that have the same consumer
price and quality responses as floor wax.
B. EXAMINATION OF THE MARKET SYSTEM
A consumer product market system can be thought of as
containing six groups of activity: (1) manufacturing, (2) dis-
tribution, (3) retailing or point of sale, (4) customer, (5)
forces of company origin which affect the customer's decision,
and (6) environmental forces which affect the customer's deci-
sion. Table I shows these six activity groups in detail.
Marketing people will consider all the factors listed in
Table I and many other factors not listed. Any given con-
sumer product will have emphasis concentrated in specific
areas although not to the exclusion of the others. Floor wax,
for example, might have emphasis on appearance, convenient
outlets, salesman product knowledge, housewives, company repu-
tation and relative independence of general economy. Manufac-
turers of floor wax would be unwise to limit their efforts to
only these factors however, because their product market re-
quires some concern for all of the items in Table I. On the
other hand, specialized products with a limited market may be
satisfactorily handled with a narrow marketing emphasis.
Table I would have greater meaning if the interrelation
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TABLE I
THE MARKET SYSTEM
MANUFACTURING
1. Quality
a. Sensory
appearance
taste
smell
sound
feel
b. Performance
efficiency
operating costs
material usage
maintenance
down time
labor usage
material usage
lifetime-frequency of
durability
deterioration
obsolescence
output quality
ease of use
accessories provided
compatability
c. Services provided
cost
availability
quality
DISTRIBUTION
purchase
1. Location of Outlets
a. Convenience
geographic
neighborhood
b. Number
c. Prestige
d. Associated products
2. Type of Outlets
a. Ten cent store
b. Department store
c. Specialty shop
d. Door to door
e. Mail order
f. Hardware
g. Drug
h. Supply houses
2. Variety
a.. Product lines
b. Sizes
POINT OF SALE
1. Package
a. Protection
b. Convenience
c. Attractiveness
d. Identification
2. Display
a. Planned buying
b. Impulse buying
3. Selling Method
a. Inspection
b. Sampling
c. Description
4. Salesman
a. Product knowledge
b. Style
5. Competition Products
a. Number
b. Differentiation
6. Promotion devices
a. Coupons
b. Stamps
c. Give-aways
7. Price
a. Discounts
b. Allowances
c. Service charges
d. Stability
CUSTOMER
1. Institutional
a. Industrial
b. Commercial
c. Public
d. Private
2. Individual
a. Sex
b. Age
c. Education
d. Social status
e. Family size
f. Occupation
g. Income
h. National origin
i. Residence
rural
urban
j. Religion
COMPANY RELATED FACTORS
AFFECTING CUSTOMER
1. Brand Name
a. Memory value
b. Suggestiveness
c. Goodwill
2. Advertising
a. Media
b. Image
3. Publicity
a. Consumer reports
b. News items
c. Endorsements
4. Reputation
a. Past Performance
b. Prestige
5. Uses
a. Necessity
b. Luxury
6. Place of Manufacture
OUTSIDE FORCES
AFFECTING CUSTOMERS
1. General Economy
a. Past
b. Present
2. Time
a. Seasonal
b. Monthly, weekly, periods
3. Attitudes and Connotations
4. Trends in buying habits
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among groups of activities were shown. Some of the activities
are dependent upon others, while some affect the market system
independently. Figure 1 shows diagrammatically the manner in
which the activities from Table I are interrelated. Figure 1
suggests three sources of information influencing the customer:
knowledge of the manufacturer, general economy, and information
at the point of sale. Naturally, all these sources of informa-
tion are not functioning for all customers on all purchasing
occasions; moreover, when information sources are influencing
customers it may be a subconscious effect.
If model complexity were not a deterrent, all the fac-
tors listed in Table I could be studied at once. Such an un-
dertaking, although possible, is beyond the scope of this
study. The alternative chosen here was to assume all factors
except quality and price to have constant effects on the prod-
uct market. This simplifying assumption provides ease and
flexibility for the exploratory process of model building. It
might be worth while to add complexity in subsequent studies
where the modeling procedure is predetermined and well under-
stood.
The activity depicted in Figure 1 will vary with time.
Advertising, for instance, may not produce immediate effects
on the customer. In general, the three information sources
which the customer responds to will not serve the customer
simultaneously. For purposes of this study, it is assumed
that only conditions over long-time intervals will be of inter-
est. Thus, factors which vary with time will be considered at
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THE MARKET SYSTEM
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Economy
Time
Attitudes
Trends
DISTRIBUTION
Ten Cent Store
Department Store
Specialty Shop
Door to Door
Mail Order
Hardware
Drug
Supply House
POINT OF SALE
Package
Display
Method
Salesman
Competitor Products
Promotion Devices
Price
CUSTOMER
Urban - Rural
Different Incomes
Occupations
Geographic Location
Family Size
H i= Source (percent) of all U.S. spending for house-
hold operation from the ith grouping and jth
category
N.. = Number of households in the ith grouping and
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jth category
E. i= Average annual total household expense for the
ith grouping and jth category in dollars
P.. = Percent of household expenses in the ith group-
ing and jth category which go for operation
N.. E.. P.. x 10013 13 13
H.. =
la
(for a given i) (1)
Sl j ij
1Conducted by Alfred Politz Research, Inc., New York,
copyright 1957 by Time Inc., vol. 1, pp. 91, 97, 103, 106, 109.
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their average levels. This assumption is supported by the fact
that normally long-time intervals elapse between manufacturers'
price or quality changes for consumer products.
C. MARKET COMPOSITION
The Life Study of Consumer Expenditures gives house-
hold expenditures in the United States according to groupings
of family size, geographic location, occupation, income level
and urban-rural living. Each group is divided into several
categories. These data were used to derive sources of house-
hold spending for operation within each grouping as follows:
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Table II shows the results of the above calculations.
To interpret Table II, one should keep in mind that any indi-
vidual's spending must fall in one category of each of the
five main groupings. For instance, a person could be from:
1. Rural, less than 2,500 population
2. Under $2,000 income
3. Professional occupation
4. Living in the West
5. Having younger children
To proceed with a model using all combinations of categories
of Table II would require consideration of 6,720 combinations
in total. Clearly, the use of 6,720 combinations entails more
time than is available and may offer little benefits over a
smaller number of combinations. By elimination of certain
groups and categories, Table II was reduced to Table III,
giving a breakdown which seems reasonable and yet can conven-
iently be handled.
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TABLE II
SOURCES OF SPENDING FOR HOUSEHOLD OPERATION
1. Urban - Rural Percent
Rural
less than 2500 population 16.8
more than 2500 population 13.7
Urban - less than 500,000 population
central cities 11.9
other areas 12.1
Urban - more than 500,000 population
central cities 24.4
other areas 21.1
100.0
2. Income level
Under $2000 7.6
2000 - 2999 11.0
3000 - 3999 13.8
4000 - 4999 20.5
5000 - 6999 24.6
7000 - 9999 13.6
10000 and over 8.9
100.0
3. Occupation
Professional, semi-professional 12.6
Proprietor, manager, official 13.1
Clerical, sales 14.1
Craftsman, foreman 17.1
Operative 19.6
Service worker 5.6
Farmer, farm laborer 6.4
Retired, or head not employed 11.5
100.0
4. Geographic location
(metropolitan in parentheses)
Western 15.2 (11.0)
Southern 22.0 (10.9)
Central 32.9 (22.2)
Northeast 29.9 (25.9)
100.0 70.0
5. Family size
Younger children 47.8
Older children only 15.4
No children, head over 40 years old
Married head 19.6
Single head 9.2
No children, head under 40 years old 8.0
100.0
TABLE III
SOURCES OF SPENDING FOR HOUSEHOLD OPERATION
1. Income Level
a. Under $7,000
b. Over $7,000
2. Occupation
a. Professional
b. Skilled
c. Worker plus retired
3. Family
a. With children
b. Without children
77%
23%
26%
31%
43%
63%
37%
If it is assumed that the above attributes are indepen-
dent, it is then possible to use Table III to determine the
percentage of total spending in all possible combinations of
categories. This is done by multiplying the three percentages
for the categories which describe the source of spending. Thus,
spending from (1) "Under $7,000," (2) "Professional" and (3)
"With children" equals .77 times .26 times .63 or 12.6 percent
of all spending for household operation in the United States.
Although the independence assumption has obvious imperfections,
it seems sufficiently good for the purposes here.
For simplicity, the group and category headings in
Table III will be used to identify spending sources in future
tables. For example, 2b is spending by skilled workers' fami-
lies. Table IV shows the results of calculating spending for
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rHt
Fraction of Total
U.S. Spending for
Market Segment (see Table III) Household Operation
la, 2a, 3a .126
la, 2a, 3b .074
la, 2b, 3a .150
la, 2b, 3b .088
la, 2c, 3a .209
la, 2c, 3b .123
lb, 2a, 3a .038
lb, 2a, 3b .022
lb, 2b, 3a .045
lb, 2b, 3b .026
lb, 2c, 3a .062
lb, 2c, 3b .037
The entries in Table IV will be used in the model
calculations which follow in this chapter.
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all possible combinations of categories shown in Table III.
Each entry includes a category from each of the three group-
ings and thus is a complete customer description. These cus-
tomer descriptions will be called market segments; all consum-
ers are included in the Table of 12 market segments. In order
to simplify later expressions, the subscript t = 1i, 2 j2' 3 j3
is introduced in Table IV.
TABLE IV
SOURCES OF SPENDING BY MARKET SEGMENTS
t
1
2
3
4
5
6
7
8
9
10
11
12
D. DEVELOPMENT OF THE MODEL
Price and Quality Sensitivity of Market Segments
The objective here, as in Chapter IV, is to derive a
statement of conditions which describe the maximum profit posi-
tion of the company or describe market behavior at the maximum
profit position. Profits will be assumed to bear some relation-
ship to sales; thus, the starting point is to derive an expres-
sion to predict sales. Considering quality and price varia-
tions independently, potential sales for a given market segment
will increase with increasing quality and decrease with increas-
ing price. These relationships are taken as piecewise linear
functions in this model. The sales potential for a market seg-
ment will be the product of independent price and quality con-
tributions to the customer's incentive to buy.
Thus:
Sales Potential for f
the tth Segment - t 9 2t  t (2)
where st is a percent of the possible sales for the
segment and f (p) and f2t(q) are functions of price
and quality respectively.
With linear relationships between sales potential and
price, the functions f for the several market segments are
fixed by the lowest price at which sales potential is zero.
This value is called .t For quality, the various f2t func-
tions are fixed by the lowest quality at which sales potential
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is maximum. These values are called
t andp a are determined by adding three individual
Sand / values to get q and for each market segment.
While it would be very difficult to establish the segment%
and R t values because of the combination of three consumer
characteristics, it is relatively easy to estimate k and
P j values for a single characteristic at a time assuming
other factors constant. For this purpose oCk. and 9 are
expressed as percent deviations from a reference value.
The values chosen for ck** and /? are shown in
Table V.
TABLE V
. AND /q. VALUES AS PERCENT DEVIATIONS
13 1J
FROM A REFERENCE OF 1.0
Consumer 2 iji
1. Income
a. Under $7,000 - .4 + .3
b. Over $7,000 + .5 - .1
2. Oocupation
a. Professional + .3 -. 4
b. Skilled 0 0
c. Worker plus retired - .2 + .4
3. Family
a. With children + .2 - .3
b. Without children 0 + .1
t< = Clj 1
and: =
+ 042j 2
+ 9 2j 2
+ 3 j 3
+ /3 j 3
These calculations applied to each market segment yield the
following table:
(3)
(4)
High O<. values denote consumers who are willing to pay
a high price for the product. A high value for 1 denotes
consumers who do not readily respond to quality improvements.
An effort was made to choose c and / values as percentage
changes from a reference point and to have the magnitudes rea-
sonable for the various consumer groups. Although it would be
absurd to claim precision for O* and / , it is probably
realistic to claim that the consumer categories are in the
proper position relative to each other. As already explained,
it is assumed that the oc .. values are additive among the sev-
eral categories. The same applies to the /9 values.
The c.. and values are not useful in a form as
listed in Table V. Every customer has three e 's and three
/9 's, one from each general grouping. Using the additivity
assumption, c for the market segment t = (lj1, 2j2 ' 3j3) is:
t Ge t
+ .l
- .2
- .4
- .4
.6
+1.0
+ .8
+ .7
+ .5
+ .5
+ .3
6
7
8
9
10
11
12
.4
0
0
+ .4
+ .4
+ .8
.8
.4
.4
0
0
+ .4
Equation for Estimating Sales
Using the values of og and a , sales potential curves
with price and quality considered separately are drawn for each
of the 12 market segments. These curves, shown in Figures 2
and 3, are the functions f (p) and f2t (q) shown in equation
(2). In Figure 2 the oc values are the price values at which
the curves intercept the zero sales potential axis. The R
values in Figure 3 are the quality values at which the curves
intercept the 1.0 sales potential axis. The price and quality
TABLE VI
'eAND 1 VALUES AS NET PERCENTAGE
DEVIATIONS FROM A REFERENCE OF 1.0
1.0
.9
.8
3.7
H
.6
W .5
0
.4
023.
-. 6 -.4 -.2 0 +.2 +.4
Price and ct
FIGURE 2. SALES POTENTIAL STIMULATED BY PRICE FOR EACH MARKET SEGMENT
= -. 8 A = -. 4 9+ = +.4 ?= 81.0 G
.9
.8
3.7
C\j
c'J
.6
0
U) .4
co.3
.2
.1
-.8 -. 6 -. 4 -. 2 0 +.2 +.4
Quality and/9t
FIGURE 3. SALES POTENTIAL STIMULATED BY QUALITY FOR EACH MARKET SEGMENT
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scales in Figures 2 and 3 respectively are in terms of percent
deviation from a reference of 1.0.
A few comments are in order with regard to the sales
potential scale of f (p), f2 t(q) and their product s . A
value of 1.0 means that the individuals will be sufficiently
satisfied with quality or price to buy to the maximum of their
needs or wants. Zero values signify conditions at which con-
sumers find no satisfaction in the product and will thus buy
none. If a consumer has zero potential sales due to quality,
he will not buy at any price and similarly for zero potential
sales due to price he will not buy at any quality level.
Price must be very low and quality above the 9 level before
a customer will buy to his limit. Unless a product is free,
customers will ration their spending relative to other commod-
ities and thus, on the average, will buy less than their maxi-
mum wants or needs. There is no intent to imply by Figures 2
and 3 that the true sales potential functions are linear; it
is felt, however, that a linear estimate of these unknown, non-
linear functions is as good for purposes of the model under
study as non-linear estimates would be.
There is now enough information to determine the total
sales potential for the entire market. Multiplying the results
from equation (2) by the corresponding values in Table IV gives
the fraction of all U.S. spending for household operations that
is potentially available from that market segment. Then sum-
ming these products over the 12 segments gives the sales poten-
tial from the total U.S. market.
57
For a given price and quality level the total sales
will be assumed to be given by:
Total Sales = S = s Ht it21 f2t(q) Ht (5)
t t
where values of H are given in Table IV
f i(p) is taken from the appropriate market segment
line in Figure 2 at the existing price level.
f2t(q) is taken from the appropriate market segment
line in Figure 3 at the existing quality level.
Equation (5) can be used to determine potential total
sales from the market for any combination of price and quality.
As given in equation (5), S will be a fraction of the dollar
market because the H values are based on fractions of household
spending dollars available. Since the values of fit and f2t
are a measure of the fraction of the total possible sales, the
value of S will likewise be in terms of the fraction of the
total market theoretically obtainable. To obtain estimated
sales in dollars, S should be multiplied by the total market
expressed in dollars.
Discussion of an Alternative Method
The model is now complete as represented by equation
(5). In the remainder of this chapter the results from equa-
tion (5) will be studied under a variety of circumstances.
Before leaving this section, however, passing comment should
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be made on an alternative model. Rather than the additive
method described above for combining the ot and values,
a multiplicative method could be used. Of course, different
C. and .. values would be established (probably as deci-
mals distributed about a value of 1.0). Rather than multiply-
ing the 0C and 1i* for the three groupings, values of fl(p)
and f2(q) are multiplied. Separate curves of f and f2 versus
price and quality respectively are drawn for each of the seven
values of cY. and /9. . The sales potential for a consumer
segment is then the product of three f 1 (p) values and f2(q)
values.
The multiplicative model has two chief disadvantages:
first, it requires more laborious calculations, and second, it
permits a zero sales potential for one category of a customer
grouping to cause all market segments including that category
to have zero sales potential. The latter characteristic is
probably unrealistic. For instance, a high income retired
family might still buy a product considering their income even
though the price is too high from their viewpoint as in the
retired category. The additive approach would show some sales
potential due to the high income while the multiplicative
method would give zero sales potential due to the zero f 1 (p)
values from the retired category.
E. THE MAXIMUM PROFITS POSITION
The Total Sales Potential Surface
Profits are dependent on sales in a manner which varies
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with the pricing policy. The simplest (and quite common) pric-
ing policy uses a constant percent margin of profit. In this
case, maximum profits and maximum dollar sales are coincident.
Equation (5) provides a useful tool for estimating sales poten-
tial as a function of price and quality. By this means, sales
potential calculations were made for 90 price-quality combina-
tions. These results are shown in Table VII.
With one dependent and two independent variables, the
model characteristics are easily analyzed in three-dimensional
space. Price and quality can be considered as the two horizon-
tal axes and sales potential as the vertical axis. Thus, all
possible values of S will form a surface in 1/8 of the tri-co-
ordinate space, that portion where p, q, and S are all posi-
tive. The contour of the S surface will be examined in three
ways.
One of the easiest and most conventional ways of visu-
alizing a three-dimensional surface is by passing planes
through the surface parallel to two axes. Figure 4 shows the
planer intercepts parallel to the quality and sales axes,
while Figure 5 shows planer intercepts parallel to the price
and sales axes. It is interesting to note that the piecewise
linear plots of Figures 2 and 3 become smooth curves when added
over the population as in Figures 4 and 5. Although these two
families of curves aid in visualizing the sales function, it
is perhaps more realistic to examine the sales function at
constant percent margin.
Sales at constant margin were studied by assuming that
-AI
TABLE VII
TOTAL PRODUCT SALES POTENTIAL
Price
Quality -1.0 -.8 -.6 -4 -.2 0 +.2 +.4 +.6 +.8
-. 8 .230 .180 .131 .087 .058 .040 .026 .017 .009 .004
-. 6 .416 .320 .228 .146 .093 .059 .036 .023 .011 .004
-. 4 .634 .488 .339 .212 .129 .080 .047 .028 .013 .004
-. 2 .730 .556 .378 .230 .140 .086 .051 .031 .013 .004
0 .852 .642 .433 .256 .152 .094 .055 .031 .013 .004
+.2 .913 .683 .448 .259 .154 .095 .056 .031 .013 .004
+.4 .973 .721 .448 .262 .156 .096 .056 .031 .013 .004
+.6 .986 .727 .467 .262 .156 .096 .056 .031 .013 .004
+.8 1.000 .734 .467 .262 .156 .096 .056 .031 .013 .004
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q= 0
.7
.6
g = -. 2
.5
q = -.
.4
.2
.1)
0
0
-+.3
0
.2
-. 8 -. 6 -. 4 -. 2 -0 +.2 +.4 +.6 +.8
Price
FIGURE 4. SALES POTENTIAL VS. PRICE WITH QUALITY CONSTANT
P = -. 8
P = -.6
P = -.4
-.8 -. 6 -. 4 -. 2 0 + +.+.4 +.6 +.8
Quality
FIGURE 5. SALES POTENTIAL VS. QUALITY WITH PRICE CONSTANT
.8
.7
.6
.5
.4
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the only element of product cost which would vary would be the
cost of quality. Next it was assumed that one-half of all var-
iable product manufacturing costs was expended to produce some-
thing better than minimum quality. The latter assumption gives
the convenient situation of percentage price changes required
to maintain constant margin being equal to one-half the per-
centage quality changes. Using this constant margin criterion,
the family of curves in Figure 6 were determined. Several
series of price-quality combinations with the increments be-
tween prices of adjacent combinations one-half the increment
in quality were selected. The several curves in the family
result from choosing different combinations of price and qual-
ity as starting points of a series.
Market Conditions at the Maximum Profit Position
It is interesting to note in Figure 6 that the maximum
sales and thus maximum profits occur at a nearly constant
quality level of approximately -.4. Referring back to Fig-
ure 3 reveals that, at this quality level, four market seg-
ments are prepared to buy at their maximum level from the
standpoint of quality. In these four segments are the three
highest c values and one at at mid-range. In other words,
these people can afford to pay for higher quality and they
are more quality conscious. In terms of market coverage, the
four segments include 23 percent of the household spending
money available; at the price-quality combinations for maxi-
mum sales they account for approximately 50 percent of total
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.35
P = -. 6
.30
.25
Hp
.' .20
0
.15
0 P =-.2
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.05
-. 8 -. 6 -. 4 -. 2 0 +.2 +.4 +.6 +.8
Quality
FIGURE 6. SALES POTENTIAL VS. QUALITY WITH MARGIN CONSTANT
sales. Even at the low price level of -.6 with a quality level
of -.4 these same four customer segments will limit their pur-
chases to 70 percent of available funds because of price, while
the remaining customers limit themselves to 23 percent on the
average.
From the above observations it appears that in this
example the maximum profits position with constant profit mar-
gin is characterized as follows:
1. Quality is sufficiently good to convince the most
quality-discerning customers to buy at their full
ability except as limited by price. (In this exam-
ple these customers spend 23 percent of the market
money available.)
2. The group of customers that are fully satisfied
with quality represent approximately 50 percent of
the total sales potential. (Thus, in this example
50 percent of sales will come from 23 percent of
the market dollars available.)
3. It follows that a significant portion of the market
(77 percent in this model) will be sufficiently un-
impressed with quality to limit buying to a low
fraction of their available funds.
The Interpretation of Sales Potential
At this point, further discussion of the interpretation
of Figure 3 seems in order. At first, it may seem paradoxical
for the most quality-conscious customers to reach their maximum
sales potential at a lower quality level than any of the oth-
ers. This simply means that the quality sensitive customers
detect smaller quality improvements than others and respond
sooner with greater purchases. This phenomenon is dependent
upon the assumed shape of f2t(q). Shapes other than the one
noted are possible, but this one has some justification. Crit-
ical customers may be less satisfied with quality than others;
they may merely recognize the quality improvement over other
products sooner than other customers. A practical illustra-
tion would be the housewives critical of floor wax quality who
buy the best wax consistently and at the same time are the
chief sources of complaints on quality. Less critical custom-
ers will complain less about quality and will be less consis-
tent in buying the best brand. These conditions, if they hold
in practice, are important in manufacturing for they imply
that, if quality is improved as a result of complaints by the
critical customers, any resulting new business must come pri-
marily from less critical customers. Furthermore, the new
business stimulated may be so small that profits actually
decrease.
Throughout this chapter the discussion has proceeded
on the assumption that the product and market already exist
and that all external factors remain constant. There has been
no consideration given to competition; the model is closer to
a monopoly situation than any other type of market. Chapter VI
is devoted to extending this model to competitive situations.
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F. SUMMARY
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Consumers can be identified by several characteristics
such as income, family size or residence. Experience has
given indications of the buying habits associated with these
identifying characteristics. Once market composition is deter-
mined, estimates can be made of sales potential from the many
consumer segments which, when combined, give the total market
sales potential. Assembling a market estimate from its parts
in this fashion can be done with some success, whereas an at-
tempt to predict total market directly might be nearly hopeless.
The market behavior at the maximum profit position was
studied using this model developed by market segments. In the
example, the maximum profits position for a firm operating with
constant percent margin occurs at a nearly constant quality
level regardless of price. The quality level associated with
maximum profits results in approximately 23 percent of the mar-
ket available limiting their purchases only on the basis of
price. This 23 percent of the available market consumes
approximately one-half the total sales. Somewhat paradoxically,
the 23 percent minority most willing to buy because they recog-
nize a quality advantage, may well be most critical of what-
ever quality limitations remain. A manufacturer who, in this
situation, responds to the critical customer's demands for
quality may be disappointed by a small sales gain if he im-
proves quality. Most of the gains realized must come from the
more quality indifferent consumers who have previously repre-
sented a low potential sales and who will continue to respond
slowly to quality improvements.
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In Chapters IV and V, models were used to study market
conditions at the maximum profit position without considering
the effects of competition. Using the segmented market model
of Chapter V, several products can be assumed simultaneously
in a competitive model. Since competitive position is strongly
affected by price, two pricing policies will be considered.
A. CALCUILATING MARKET SHARE
As products enter or leave a competitive market they
will produce different changes in sales in the different market
segments. For this reason, the competitive position of each
product will be determined independently for each market seg-
ment and then combined to give the total competitive position.
In this manner, sales are divided among competitors on the
basis of their individual market segment sales potential.
It is assumed that the combined sales potential of all
competitors in any market segment is no greater than the lar-
gest sales potential for any single competitor. In other
words, additional products with less appealing price and qual-
ity will not increase the total market but will share part of
the existing market.
Eight competitive situations were explored, each having
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Chapter VI
A COMPETITIVE MODEL
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two existing competitors and one new product. Using scl' Sc2
and sn as the market segment sales potential for the first
competitor, second competitor and new product respectively,
the calculations of market share for the new product, as a
fraction of all sales in the market segment, were made as
follows:
a) when sn < sc2 ! scl
snn
Mlarket Share s n s + s 2+ s (la)
b) when sc2 < sn < cl
s
Market Share = ( n - sc2 s + s cl+
n
sc2 sn + scl + s c2 )(lb)
c) when sc< sl n
n s
n
Scl c2 n l
s n
sc2 sn + scl + sc2 ) (lc)
(scl and sc2 can be interchanged in each of the above three
cases, values for s's are given by equation (2) of Chapter V)
The above equations were chosen to let a product share
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the market in proportion to its sales potential up to the level
of its sales potential. Above this level the remaining products
share the market in proportion to their sales potential. These
equations thus recognize sales potential as an indicator of rela-
tive market share, and in addition they allow a product with
the highest sales potential to create an increase in the mar-
ket which is not shared with competitors.
Since equations (la), (lb), and (1c) are applied for
each market segment, a competitive situation of three products
requires 12 market share determinations per product, or a total
of 36 determinations. Adding the three market share values for
each market segment will total to the value of the largest
potential sales of the three products. Thus, market share is
in terms of potential sales.
Total sales are obtained for each product by a similar
calculation to that shown in equation (5) of Chapter V. The
market share values for each market segment are multiplied by
the fraction of total U.S. spending for household operation
available in that segment; these products are then summed for
the 12 segments to give total sales.
Thus:
Total Sales
for each
Product as
a Fraction = S = Market Sharet x H t (2)
of the Total
Market Theoret-
ically Obtainable
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B. CHOICE OF COMPETITOR SITUATIONS
The eight competitive situations studied fall into
three groups as follows:
1. Trials 1, 2 and 3
a. All products at 33 percent margin
b. First competitor with a deluxe quality product
superior to all competition
c. Second competitor with quality at the maximum
profit position for a monopoly
2. Trials 4 and 5
a. All products at 33 percent margin
b. First competitor with quality at the maximum
profit position for a monopoly
c. Second competitor with a better than average
quality product (halfway between the maximum
profit position and the deluxe quality competi-
tor of group 1 above)
3. Trials 6, 7 and 8
a. Two competitor products at 33 percent margin
and a new product at 17 percent margin (ob-
tained by reducing price 20 percent from the
33 percent margin level)
b. Competitor products with quality the same as
in group 2 above
73
New products were introduced with the following quality
characteristics:
Trial
1. Quality midway between the two competitors. A better
than average quality, high priced product where none
previously existed, attempting to appeal to customers
wanting better quality but not willing to pay the top
price.
2. Quality below the lower quality competitor. A goal
of reaching customers who will accept lower quality
at a lower price.
3. Quality the same as the lower quality competitor. An
attempt to share the majority of the existing market
by direct competition.
4. Quality below the lower quality competitor. Similar
to No. 2 with different competition.
5. Quality the same as the lower quality competitor.
Similar to No. 3 with different competition.
6. Quality the same as the higher quality competitor.
A high quality product at the standard price.
7. Quality the same as the lower quality competitor. A
standard quality product at an economy price.
8. Quality higher than the higher quality competitor.
A very high quality product priced to compete with
existing high quality competition.
Using equation (2), total sales were calculated for each
of the three products in each of the eight competitive situa-
tions. Profits were calculated from the sales figures by mul-
tiplying percent margin times sales. Results of these calcu-
lations are shown in Table VIII. Although companies might
make their marketing decisions on the basis of market share
or sales, profits are a more rational criterion for most cases.
This study will be discussed only in terms of profits as a cri-
terion for decision. Total profits by products are shown
graphically in Figure 7 using the data given in rows 16, 17
and 18 of Table VIII. The tabulation of profits by product
permits viewing the new product as being that of one of the
existing companies or that of a new competitor with possibly
quite different views on total profitability to the introducer.
C. INTERPRETATION OF RESULTS
The competitive model suggests that, for the market as
modeled here, the most profitable quality level for the new
product by itself is close to that for a monopoly situation.
A new product as in Trial 3 surpasses Trials 1 and 2; Trial 5
surpasses Trial 4; and Trial 7 surpasses Trials 6 and 8.
It is clear that the sales responses to quality and
price used in this model give favorable results from reducing
the profit margin to 17 percent. A manufacturer wishing to
enter an existing market having two competitors can increase
profits 13 percent by reducing margin. This comparison exists
between Trials 5 and 7. New problems would no doubt accompany
the profit increase. For one, the over twofold increase in
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TABLE VIII
MARKET PERFORMANCE WITH A COMPETITIVE MODEL
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
1 2 3 4 5 6 7 8
0 0 0 -.6 -.6 -.6 -.6 -.6
+.4 +.4 +.4 -.4 -.4 -.4 -.4 -.4
-.4 -.4 -.4 -.4 -.4 -.4 -.4 -.4
-.4 -.4 -.4 0 0 0 0 0
Competitive Situation (Trial)
First Competitor Price
First Competitor Quality
Second Competitor Price
Second Competitor Quality
New Product Price
New Product Quality
Margin of New Product
Sales of First Competitor
Sales of Second Competitor
Sales of New Product
Total Sales with New Product
Original Total Sales of Competitors
New Market
Market Held by New Product
Profits of First Competitor
Profits of Second Competitor
Profits of New Product
Total Profits, All Products
-. 6
-. 8
33%
.033
.146
.052
.231
.212
.019
-23% -
.011
.049
.017
.077
-.4
-.4
-33%
.022
.095
.212
.212
0
45%
.007
.032
.032
.071
-.8
-.8
33%
.190
.115
.055
.360
.356
.004
15%
.063
.038
.018
.119
-. 6
-.4
3.2%
.134
.088
.134
.356
.356
0
38%-
.045
.029
.045,
.117
-. 6
0
17%
.122
.077
.234
.433
.356
.077
54%
.041
.026
.040
.107
-. 8
17%
.107
.080
.301
.488
.356
.132
62%
.036
.027
.051
.114
-. 4
+.4
17%
.187
.084
.091
.362
.356
.006
25%
.062
.028
.015
.105
-. 2
0
33%,
.026
.134
.063
.223
.212
.011
28%-
.009
.045
.021
.075
C - First Competition
C2 - Second Competition
N - New ProductTrial 1
Trial 4
.06
.04
.02
0
.06
.04
.02
0
.06
.04
.02
0-
-8
Trial 3
NC 2
.06
.04
.02
0rn-I
Trial
N C
- 1
-. 8 -. 4 0
Quality
.06
.04
.02
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sales required to get the higher profits might require con-
siderable capital outlay for manufacturing and distribution.
The model is only measuring the effects of manufacturing
costs, thereby ignoring capital costs. A second problem asso-
ciated with reducing margin is the action likely to be taken
by competitors. In many cases the competitors would probably
reduce their margins in order to price competitively. Such
price competition would force the relative market position of
the new product from a situation like Trial 7 toward Trial 5.
The three competitors would prefer not to reduce prices below
the point where increased sales compensate for decreased mar-
gin; therefore, price competition could benefit customers by
lower prices and might benefit manufacturers by moving them
closer to the most profitable price. The margin reduction to
17 percent shown in Trial 7 gave a 37 percent increase in the
total market served by all three products combined. Subse-
quent price reduction by the competitors would increase sales
by a somewhat smaller amount; only the higher quality product
would be effective in increasing sales, the lower quality com-
petitor would share existing volume with the new product.
Another possibility shown by Trial 7 is that a single
manufacturer with two existing products would enhance the
total profitability of all products combined by introducing
a product with quality below his lower quality product. This
product will increase profits by a small amount by cultivating
a new market. The gain in profits may well be offset by in-
creased capital costs associated with introducing a new prod-
F-
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uct. Trials 2 and 4 illustrate such a situation in which new
market is stimulated and total profits for all products maxi-
mized. Following the approach of a new lower quality product
may offer the added advantage of discouraging other manufac-
turers from entering the market at the lower quality level.
Still another point of view is that of a company with
two products that wants to design their products for maximum
protection from future market invasion by others. Profits of
the two competitors in Trials 1, 2 and 3 averaged .051 compared
to .079 for Trials 4 through 8. This suggests that the closer
spacing of product quality shown in Trials 4 through 8 is an
advantage in terms of protection against competition.
D. SUMMARY
The Chapter V model of a segmented market is useful as
a basis for a competitive model. Market distribution among
two existing competitors and a new product were studied under
eight trial conditions. Resulting sales for each product are
determined by calculating the sales distribution for each
market segment on the basis of the potential sales for each
product.
Results are limited by the conditions chosen for the
eight trials; however, a few suggested findings are as fol-
lows:
1. Product quality for maximum profits on the new prod-
uct by itself was close to that of the monopoly
model of Chapter V.
2. A company planning to enter a market containing two
existing products (at 33 percent margin) did well by
matching the quality which gave maximum profits for
a monopoly and cutting margin.
3. A company with two existing products intending to
bring out a third product maximized profits by choos-
ing a quality level below the existing dominant prod-
uct, and pricing at the same margin. This procedure
has the advantage that it cultivates a new market;
however, the gain in total profits was slight.
Although the above statements are provocative, they
are merely indications from the model and could bear substan-
tiation by more trials. There is an assumption that all
things other than quality and price remain constant. In a
dynamic market this will normally not be the case. However,
results such as those found here can serve as helpful indica-
tions of the effects produced by the actions simulated.
Chapter VII
TESTING WITH COMPANY DATA
It was stated earlier that the value of a model can be
measured by how well it represents real situations. Also,
there was the suggestion that data will rarely exist ready-
made for models having quality, price and sales interrelation-
ships. In the presence of this paradoxical situation an at-
tempt will be made to test the models against a real manufac-
turing operation, but admittedly the available data are lim-
ited.
Manufacturing data were examined for a consumer product
group having national distribution. The information included
sales, quality measurements, prices and costs for three prod-
ucts from 1950 through 1962. During this discussion the data
will be coded, and no reference will be made to the manufac-
turer or the products in order to protect the privacy of the
information.
A. SALES RESPONSE ESTIMATES
Even with limited data there may be a valuable testing
of the concepts on which the models are founded. The manufac-
turing data obtained were extracted from historical information
that happened to exist, having been generated for other pur-
poses. Data for the three products examined are shown in
Table IX and Figure 8.
80
81
MANUFACTURING
Year
Sales in 1950
Thousands 1951
of Units 1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
Quality--
measured on an 1950-52
arbitrary 1952-58
assessment 1958-62
scale
TABLE IX
DATA FOR PRODUCTS A, B AND
Product A Product B
0 x 103 0 x 103
4 0
13 0
20 0
23 0
19 0
25 0
31 0
32 0
36 14
53 44
63 53
72 57
21
74
95 84
C
Product C
22 x 103
27
34
41
42
43
42
39
34
22
7
0
0
42
Price in
Dollars
Cost (m + q)
in Dollars
1958-62 $68
1958-62 $30
Sales data for Product A shows a noticeable increase
beginning in 1952, another in 1955 and a third sharp increase
in 1958. Each increase in sales follows closely after a prod-
uct change to improve product quality. Product C shows a
sharp drop in sales beginning in 1957 and ending in discontinu-
ance of the product in 1961.
Product A has sufficient sales and quality data to pro-
vide some basis for comparison with the company profit model.
Prices of Product A were nearly constant from 1950 through
1962. The observed increases in sales following quality
$24
$83
$37
Product A
-. Product B
/ 6
/ - - -
/ N
N
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I./
I
I
I
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1961 1962
FIGURE 8. ANNUAL SALES FOR PRODUCTS A, B AND C
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improvements support a basic postulate of the models that sales
and profits are influenced by product quality. If we were to
attribute all the sales growth of Product A to quality improve-
ments, an estimate of sales response to quality d is given
a Sby . In this case Q is the value of the arbitrary quality
assessments. Estimating sales response in this way gives a
plausible upper limit to the values of can have.dQ
Two calculations of can be made using sales for the& Q
most recent year a given quality level existed as follows:
AS _(32 -13) x103 19 x103 31) 1952 to 1958: =( 74 - 21 10 , = .36 x 10
2) 1958 to 1962: AS (72 - 32)x 103  40x 10 3 = 1.9 x 103
=& 95 - 74 - 21 1.xlO
Data are not adequate to relate values of Q to the cost of
quality q used in the model. It is believed that the quality
improvement shown in the second case above came from a greater
increase in q than the first case. Therefore, as used in the
dS
company profit model, the relative d values in the two cases
may be quite different from the relative values shown here.
dQ
For instance, the two values of g may be more nearly equal.dq
This discussion can be carried another step to choose
future action. Suppose there are means available to increase
the quality of Product A to 105 and we know the associated
costs. 'We can then determine whether the move would be advis-
able under the condition that the sales response to quality
continues at d= 1.9 x 103. The sales increase resulting from
a quality increase to 105 is then estimated as follows:
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S = A Q x 1.9 x 103= (105 - 95) x 1.9 x 103 = 19 x 103
If it is estimated that the quality increase would increase
the unit cost from $30 to $36 Gross Profits at the new position
would then become:
Gross = (72 + 19) x 103 x (68 - 36) = $2912 x 103
Profits
compared to Gross Profits at the current position:
Gross = 72 x 103 x (68 - 30)= $2736 x 103
Profits
Thus Gross Profits might be increased seven percent by the
quality improvement. Further calculations would show that the
unit cost could be increased as high as $38 and still break
even on Gross Profits. In view of the fact that 1.9 x 103 is
the upper limit for the true sales response to quality, the
company should probably not make the additional quality im-
provement for only a seven percent increase in Gross Profits.
Other factors which might support this decision are the inac-
curacies of the predictions and possible detrimental side
effects on cost or quality. All these risks must be considered
by management in making the decision.
B. INTERNAL COMPETITION
Products A, B and C are competitive with one another.
This competition offers the opportunity to compare in a general
way company results with the phenomena which would be predicted
by a competitive model like that of Chapter VI. Three things
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began to happen in 1958:
1. The quality of Product A was improved.
2. Product B was introduced.
3. Product C began to show signs of losing sales and
quality was declining.
In the competitive model, the increase in quality of
Product A from 74 to 95 compared to C's quality of 42, coupled
with A's lower price of 68 vs. 83 for C would take sales away
from C in all market segments. New sales for A would also re-
sult from the quality increase. Furthermore, the introduction
of B at a slightly lower price and quality than A would give
it a good market share in certain segments and possibly create
new sales in price conscious segments.
These changes are what happened in the real situation.
By 1962 Product B had nearly the volume of Product A and Prod-
uct C was discontinued. Since Product A initially had a lower
price than Product C, the quality improvement made in 1958 was
enough to spell the end of Product C.
Company Gross Profits for each product in 1958 and 1962
were as follows:
1958 1962
Product A $1216 x 103 $2736 x 103
Product B -- 1653
Product C 1564 --
Total $2780 $4389
It would appear from the above table that the company took ac-
tion in regard to product quality which tended to increase
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profits. In addition, as mentioned earlier, the action pro-
duced results which are what would be expected from a segmented
market model like that of Chapter VI.
C. DEVELOPMENT COSTS FOR QUALITY IMPROVEMENTS
Examination of the company data used herein raises a
question with regard to measuring quality cost. In the Company
Profit Model of Chapter IV, quality was treated as a function
which could be controlled by the cost of manufacture. In many
cases there is also a development cost required to bring about
a quality improvement. For example, the quality improvements
in Product A made in 1952, 1955 and 1958 undoubtedly required
substantial development costs. There are at least three methods
for handling these costs. They can be considered as:
1. An investment for future pay-back from profits
2. A cost distributed over future production units
3. General development costs of the company not
specifically related to pay-back or profits.
The usual method in practice is either No. 1 or No. 3 above.
Development funds are normally appropriated on the basis of
economic justification based on anticipated pay-back; however,
once spent, development costs are not related to production
operating costs. Similarly, research costs for new products
are not directly associated with unit costs or profits of sub-
sequent production.
After considering the above points, the rationale of the
model appears quite acceptable. Product quality has an asso-
87
ciated cost for each unit over which management has some degree
of control. Since this cost continues for the life of the prod-
uct manufacturing system, it is important to choose its optimum
level. Development costs, on the other hand, are incurred but
once; they can therefore be treated as investments using a suit-
able return-on-investment criteria.
D. SUMMARY
The value of the models developed in this study is un-
known unless they can be tested against actual situations.
Without designing such test situations, available data are
unlikely to be well suited for the task.
Consumer product manufacturing data were examined for
one company. Three products were studied; one strong growth
product A, a new product B, and a declining product C. It was
observed that sales of Product A tended to increase with qual-
ity improvements; however, this was difficult to express in
the Company Profit Model since quality measurements were not
in terms of unit quality cost as used in the model. Using the
quality assessment data available, estimates were made of sales
response to quality. Then assuming this response and estimated
costs of further quality improvements, it was shown that a maxi-
mum of 7% increase in profits might be possible with further
quality improvements in Product A. Considering the marginal
nature of this increase, it is suggested that Product A may be
near the optimum quality position.
The three company products provide an internal competi-
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tion situation which can be compared to the competitive model.
Product C was driven from the market by price and quality com-
petition from Products A and B. The decline of Product C re-
sulted from company decisions to improve Product A and to intro-
duce Product B with quality and price slightly lower than Prod-
uct A. These product changes produced results in agreement
with the postulates of the competitive model.
In short, there is some basis to believe that the models
contain important features found in actual practice; further-
more, if the estimates from the model are reasonably correct,
the company made sound quality and price decisions.
Chapter VIII
APPRAISAL
A. THE COMPANY PROFIT MODEL
Applications
A series of statements to guide a manufacturer were
suggested by the company profit model of Chapter IV. Con-
ceivably, with present knowledge, these statements are of
little use to a manufacturer of consumer goods; on the other
hand they need not remain so indefinitely. If a manufacturer
watches for conflicting or confirming evidence relative to
the model, he opens possibilities for substantial benefits.
Feedback from the model will encourage the use of estimates
of sales response or demand together with the marginal cost
and revenue concepts.
Manufacturers have a need for quantitative means of
determining their optimum product quality position. Competi-
tive forces place increasing pressures on manufacturers to
operate at optimum efficiency. Possibly the results of the
company profit model can become useful to a manufacturer if
more can be learned about their application.
The most serious limitation to application of the mod-
els is the lack of methods for obtaining sales response to
price and quality. Existing data in most companies are prob-
ably confounded with other variables such as increasing dis-
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posable income or consumer awareness of the product. Experi-
ments in the market are difficult and costly. In spite of
these discouraging notes, there is still good reason to be
optimistic that progress can be made here as in other similar
model applications. Perhaps the best way to begin is to apply
what is currently available in the hope of making improve-
ments with experience.
Following the above suggestions, the first step might
be to choose the pricing policy for the product being studied.
This will probably require approximations, for the pricing
activity usually includes a variety of considerations. Three
pricing policies and their associated maximum profits posi-
tion descriptions as derived in Chapter IV are as follows:
Constant Price Changes Equal Price IndependentPrice Quality Cost Changes of Quality Cost
marginal cost = sales gain from qual- marginal cost =
marginal revenue ity increase = sales marginal revenue
(from increased loss from associated (from increased
quality) price increase quality)
marginal cost
marginal revenue
(from increased
price)
sales gain from
quality increase
= sales loss from
associated price
increase
In order to make use of the above maximum profit posi-
tion descriptions, it is necessary to estimate the sales
responses and marginal revenues and costs. With this informa-
tion, a manufacturer could make gradual changes to move in the
direction required to satisfy the above identities. Any
changes should be made in small increments with a careful eye
toward the results. If results tend to support the model cri-
terion of maximizing profits, further changes can be made.
Such experimental adjustments should be carefully designed to
provide useful data with suitable control conditions. For in-
stance, a price or quality change could be introduced in a
specific geographic location while all other conditions, such
as advertising and customer service, remain constant in all
market areas. Sales and profits can then be compared between
the test area and other markets with the inference that any
differences are due to the price or quality change in the
test area.
Limitations
There are several limitations to the company profit
model as follows:
1. It idealistically assumes sales and price as
functions of a few variables.
2. It assumes that factors other than quality are
held constant.
3. Competitor activity and reaction is ignored.
4. It assumes that the sales and price functions are
differentiable.
5. It ignores capital costs.
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Obviously this is a highly idealized model; however,
idealized models are often useful. For instance, many of
the basic laws of physics assume idealized and unattainable
conditions such as a perfect vacuum or frictionless motion.
The above limitations can best be judged after the model has
been tested with practical situations. If practical tests
fail to fit the model, changes can be made to include other
variables, competitor activity, etc.
B. THE SEGMENTED MARKET AND COMPETITIVE MODELS
Applications
In instances where the product market is well defined,
the segmented market model offers a way to construct inputs
to the company profit model. In addition to providing rela-
tively simple means for representing market behavior, the seg-
mented market model is well suited to simulation of proposed
products in order to predict results. Whereas the company
profit model treats sales responses for the aggregate market,
the segmented market model uses sales responses at the most
elementary level of the market segment breakdown. There are
probably many instances where suitable sales response esti-
mates can be made for the carefully specified market seg-
ments, while it would be absurd to try to estimate the mar-
ket response as a whole.
Once it is determined that market segment definitions
with suitable associated sales responses and market dollar
spending can be obtained, useful application of the segmented
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market model can begin. All remaining work consists of routine
calculations. From these models a manufacturer can determine
the following relative to his maximum profit position:
1. The quality level at which profits will be maximum
(given a pricing policy).
2. The degree of satisfaction with product quality for
each market segment (given by the potential sales
values).
3. The distribution of sales among market segments
4. Estimates of the most promising areas for future
sales growth.
5. Estimates of market share and profits in competi-
tive situations.
6. Results to be expected from competitive strategy
alternatives.
There are a number of descriptive statements relevant
the maximum profit position which can be made for the particu-
lar segmented market and competitive models studied here:
1. In a monopoly situation the quality level associated
with maximum profits appears to be the same regard-
less of the profit margin used (assuming profit
margin remains fixed once chosen).
2. Only a small minority of the customers may be suffi-
ciently sensitive to quality to buy the product ex-
clusively. These customers, however, may account
for the majority of sales and complaints.
3. A manufacturer introducing a new product into a
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competitive market can increase profits by cutting
margin relative to the competitors (assuming the
competitors in the market do not try to match the
price cut).
4. A manufacturer with existing products should enter
subsequent products at new quality levels to develop
new markets.
5. A manufacturer can best protect his multiple prod-
uct line against competition by having quality lev-
els spaced at reasonable intervals around the maxi-
mum profit quality level but not widely dispersed.
Limitations
In addition to the idealized nature of the segmented
market model, there are limitations such as:
1. Numerous calculations must be made when thorough
market segmentation is attempted.
2. It is awkward to use the model if constant profit
margins are not assumed.
3. Solutions are not general. They may apply only to
the circumstances simulated.
4. Complexity increases rapidly if additional varia-
bles are added. Use of computers might help in
this case and those above.
It is suggested that these models, although limited,
are probably more informative than the company profit model.
They have the inherent ease of self-examination by repeated
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trials with different assumed conditions to test sensitivity
to assumptions.
C. GENERAL APPROACH OF THIS STUDY
The study undertaken herein had the primary purpose of
learning about the possible uses of models for studying the
effect of product quality on company profits. It was recog-
nized that in an exploratory study such as this there was lit-
tle chance of producing highly useful and immediately applicable
management decision tools.
The original objective has been realized. There is evi-
dence that models can be useful in defining optimum product
quality; moreover, there are some specific inferences from
the models which have the character of basic principles. Fur-
ther work seems justified to test these inferences and to ven-
ture closer to the area of application to a real situation.
While the decisions being examined were in marketing
areas, this study was undertaken primarily from a manufactur-
ing point of view. If product quality is to be adjusted, manu-
facturing operations must make the change. It may involve de-
velopment programs or simply adjustments to the manufacturing
process. Thus, a marketing problem involving product quality
is equally a manufacturing problem. This dual organizational
responsibility for product quality level should not be a seri-
ous deterrent to the successful use of models. Undoubtedly
the most serious hindrance for some time to come will be the
lack of reliable estimates of market response to quality and
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price. Manufacturing decisions based on these models will
have associated economic risks. The task remains to identify
the risks and reduce them to acceptable proportions by refine-
ments in the models as needed.
In its most useful state, a model such as discussed
here can aid a manufacturer in determining his optimum prod-
uct quality. This knowledge should make it possible to maxi-
mize profits and take the best competitive strategy. The
model will not make management decisions, but it can serve
as a tool in the decision process. Furthermore the model is
well suited to the dynamic nature of markets by giving an
easy way of continually assessing the position of the company.
These suggestions of the potential practical value of the
models are, to some extent, substantiated by the testing with
company data performed in Chapter VII.
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